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ABSTRACT 

Aims. We assess the evolutionary status of the intriguing object Walker 90/V590 Mon, which is located about 20 arcminutes northwest 
of the Cone Nebula near the center of the open cluster NGC 2264. This object, according to its most recent optical spectral type 
determination (B7), which we confirmed, is at least 3 magnitudes too faint in V for the cluster distance, but it shows the classical signs 
of a young pre-main sequence object, such as highly variable Ha emission, Mg II emission, IR excess, UV continuum, and optical 
variability. 

Methods. We analyzed a collection of archival and original data on Walker 90, covering 45 years including photometry, imaging, and 
spectroscopic data ranging from ultraviolet to near-infrared wavelengths. 

Results. According to star formation processes, it is expected that, as this object clears its primordial surroundings, it should become 
optically brighter, show a weakening of its IR excess and present decreasing line emissions. This behavior is supported by our 
observations and analysis, but timescales are expected to be longer than the one observed here. Based on photometric data secured 
in 2007, we find Walker 90 at its brightest recorded optical magnitude (12.47 ± 0.06). We document an evolution in spectral type 
over the past five decades (from A2/A3 to currently B7 and as early as B4), along with a decrease in the near-infrared K fluxes. From 
near-infrared VISIR images secured in 2004, Walker 90 appears as a point source placing an upper limit of < 0.1" for its diameter. 
Evidence of turbulent inflows is found in rapidly changing inverse P-Cygni profiles in the lower Balmer lines, with a broadening of ± 
400 km/s in Ha- and a redshifted component in IIy6 with a terminal velocity of ~ 600 km/s. The measured steep UV continuum fluxes 
(mimicking a star as early as B4), added to a tentative identification of N V emission, suggest a strong non-photospheric component, 
typically of fluxes arising from a thermally inhomogeneous accretion disk. We detect a well defined 2200A bump, indicative of dense 
material in the line-of-sight. We conclude that many observational features are explained if W90 is a flared disk system, surrounded 
by an inclined optically thick accretion disk. 

Key words. Walker 90, V590 Mon, Herbig Ae/Be stars - Young Stellar Objects - Stars: Emission-line - Stars: Evolution - Stars: 
Formation - Stars: Pre-main sequence - Open clusters and associations 

1 . Introduction molecular clouds, neutral hydrogen and HII regions. In this clus- 

^, . ,. n „ , • ter, as is also true in other star formation regions, young stars 

The immediate surroundings of young stellar objects are not well ^^^^^ embedded and visual measurements are, therefore, 

observed nor are they well understood. We have observed ex- challenging and somewhat unreliable. The advantage of NGC 

^fc"'lT^^ '^tTl , ."^l^t ^^^?o^il^n^^Jl°";«^^^o 2264 over similar areas is that the foreground reddening is very 

25, NGC 2264-Vas62, HBC 219, IRAS 06379+0950, 2MASS ^^^jj (e(B-V)=0.061) and well-establifhed (Dahm et I 2007), 

J06404464H-0948021, W90 hereafter), attracted by its puzzling ^^^^^^ eliminating foreground dumpiness as a source of uncer- 

behavior and uniqueness, with the goal of improving our un- ^.^^^^^ ^^^^^^ ^^^^ enigmatic object 

derstanding of the dynamics and constitution of the central ob- ^^q^ ^j^^^j^ obscured by at least three magnitudes and is red- 

ject and its suiToundings. Proper motion studies of the young ^^^^^ ^ ^^^^ ^^^^ q 2 magnitudes. Because of these photomet- 

open cluster NGC 2264 membership (e g. Vasilevskis et al. ^.^ properties, W90 has the rare privilege of being listed both as 

965, Zhao et al. 1984) have determined that this object is a ^ ^972) and as a Herbig Ae/Be stai- 

bona member with an estimated probability of member- ^^^^^ pinkenzeller & Mundt 1984). Long-term obser- 

ship of 92% and 86%, respectively. NGC 2264 is located in the ^^^.^^^ multiwavelength studies on this object will unequiv- 

""^l I' """" ocally define the dynamics of the local obscuration present as 

et al. 2004), and is an ideal ai-ea for probing primordial mate- .^^ ^j^^^ ^^^^^ ^^^^^^ ^^^^^^ ^^^^^^ 

rials and by-products of star formation, such as dust, gas, CO, 

This paper is organized as follows. The description of the 



Send ojfprint requests to: M.R. Perez multiwavelength new and unpublished data secured in the last 

* Based on observations made with ESO Telescopes at Paranal two decades is found in Section 2. Subsequently, in Section 3 
Observatory under programme ID 075.C-0528(A). we discuss these data in the context of possible photometric and 
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Table 1. Unpublished optical photometry of Walker 90 (from 
1998 to 2005). 



Table 2. Unpublished optical photometry of Walker 90 (from 
2006 to 2007). 



Date 


JD-2400000 


V 


B-V 




V-/. 


Obs. 


1988 Oct 31 


47466.311 


12.651 


- 


0.159 


0.432 


WMO 


1989 Jan 06 


47532.260 


12.590 


- 


0.197 


0.472 


KPNO 


1989 Jan 09 


47535.391 


12.768 


- 


0.143 


0.326 


KPNO 


1989 Jan 11 


47537.465 


12.701 


- 


0.142 


0.321 


KPNO 


1991 Jan 24 


48281.008 


12.774 




0.158 


0.304 


CTIO 


1991 Jan 25 


48282.047 


12.780 




0.187 


0.381 


CTIO 


1991 Jan 26 


48283.087 


12.743 




0.177 


0.379 


CTIO 


1991 Jan 27 


48284.129 


12.754 


- 


0.178 


0.352 


CTIO 


1991 Mar 08 


48323.342 


12.782 


- 


0.171 


0.336 


KPNO 


1991 Mar 09 


48324.384 


12.762 


- 


0.175 


0.339 


KPNO 


1992 Mar 24 


48706.003 


12.792 


- 


0.186 


0.422 


CTIO 


1993 Dec 17 


49339.751 


12.765 


- 


0.258 


0.323 


CTIO 


2001 Mar 17 


51986.644 


12.685 






- 


BYU 


2004 Jan 17 


53021.744 


12.859 


0.132 


0.148 


0.377 


TO 


2004 Jan 27 


53031.715 


12.830 


- 


0.101 


0.384 


TO 


2004 Feb 08 


53043.698 


12.806 


0.191 


0.115 


0.336 


TO 


2004 Feb 13 


53048.687 


12.802 


0.224 


0.141 


0.272 


TO 


2004 Feb 20 


53055.672 


12.758 


0.204 


0.028 


0.333 


TO 


2004 Feb 26 


53061.757 


12.795 


0.197 


0.124 


0.354 


TO 


2004 Mar 09 


53073.714 


12.783 


0.227 


0.096 


0.290 


TO 


2004 Mar 15 


53079.722 


12.753 


0.245 


0.083 


0.328 


TO 


2004 Mar 18 


53082.724 


12.800 


0.202 


0.108 


0.312 


TO 


2004 Mar 27 


53091.668 


12.771 


0.213 


0.082 


0.327 


TO 


2004 Apr 09 


53104.698 


12.755 


0.214 


0.106 


0.317 


TO 


2004 Apr 13 


53108.679 


12.751 


0.202 


0.104 


0.323 


TO 


2004 Apr 15 


53110.650 


12.772 


0.178 


0.100 


0.322 


TO 


2005 May 06 


53496.644 


12.805 


0.202 


0.102 


0.390 


TO 


2005 Nov 22 


53696.908 


12.711 


0.122 


0.106 


0.402 


TO 


2005 Dec 05 


53709.992 


12.685 


0.179 


0.109 


0.321 


TO 


2005 Dec 06 


53710.946 


12.689 


0.199 


0.096 


0.239 


TO 



Date 



JD-2400000 



B-V V-R, V -Ic Obs. 



spectral variability and spectral type evolution. We also discuss 
in more detail the implications of diverse emission lines of inter- 
est that provide some insights into this enigmatic object. Finally, 
in Section 4 we advance some conclusions of the cuiTent un- 
derstanding of the physical conditions and evolutionary status of 
W90. 



2. Observations 

2.1. Optical and near-infrared pliotometry 

Photometric data have been secured by us for the last 20 years 
using different instruments. In subsequent sections we describe 
some of the most relevant results and setups used. In Tables 1 
and 2, we present a selection of the original unpublished optical 
photometry. We have used the new and unpublished photometric 
data with archival optical and near-infrared data taken from the 
hterature (Walker 1956; Strom et al. 1971; Breger 1972; Breger 
1974; Mendoza & Gomez 1980; Rydgren 1971; Sagar & Joshi 
1983; Kwon & Lee 1983; Perez et al. 1987; Hillenbrand et al. 
1992; Neri et al. 1993; Herbst & Shevchenko 1999; de Winter 
et al. 2001; Sung et al. 1997, 2008; Lamm et al. 2004; Dahm & 
Simon 2005) and near-IR photometry (Strom et al. 1972; Allen 
1973; Warner et al. 1977; Sitko et al. 1984; Rydgren & Vrba 
1987; Neri et al. 1993; de Winter et al. 2001; 2MASS catalogue). 
We note that Sung et al. (2008) includes W90 under two names, 
W4792 and S2144, and list an extremely low (B - V) value of 



2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2006 
2007 
2007 
2007 
2007 
2007 
2007 
2007 
2007 
2007 



Jan 31 
Feb 04 
Feb 07 
Mar 03 
Mar 18 
Mar 23 
Mar 26 
Apr 17 
Apr 18 
Apr 19 
Oct 22 
Oct 23 
Oct 26 
Nov 03 
Nov 07 
Nov 08 
Nov 11 
Nov 12 
Nov 15 
Nov 16 
Nov 19 
Nov 20 
Nov 23 
Nov 24 
Nov 24 
Nov 27 
Nov 28 
Dec 01 
Dec 02 
Dec 13 
Dec 14 
Dec 17 
Dec 21 
Dec 22 
Dec 25 
Jan 12 
Jan 13 
Jan 17 
Jan 18 
Jan 19 
Jan 20 
Jan 22 
Jan 23 
Feb 21 



53766.711 
53770.717 
53773.710 
53797.637 
53812.610 
53817.612 
53820.627 
53842.643 
53843.666 
53844.643 
54030.955 
54031.950 
54034.941 
54042.927 
54046.905 
54047.875 
54050.931 
54051.933 
54054.991 
54055.988 
54058.927 
54059.919 
54062.923 
54063.913 
54064.005 
54066.937 
54067.946 
54070.833 
54071.789 
54082.970 
54083.965 
54086.886 
54090.829 
54091.829 
54094.842 
54113.433 
54114.420 
54118.399 
54119.375 
54120.397 
54121.367 
54123.382 
54124.361 
54153.297 



12.717 
12.732 
12.712 
12.719 
12.776 
12.790 
12.773 
12.784 
12.766 
12.752 
12.632 
12.628 
12.666 
12.623 
12.625 
12.626 
12.629 
12.643 
12.616 
12.622 
12.622 
12.636 
12.591 
12.615 
12.613 
12.635 
12.621 
12.605 
12.612 
12.601 
12.604 
12.616 
12.618 
12.641 
12.620 
12.524 
12.523 
12.394 
12.402 
12.396 
12.450 
12.543 
12.490 
12.479 



0.141 
0.166 
0.193 
0.186 
0.204 
0.215 
0.188 
0.238 
0.250 
0.238 
0.203 
0.195 
0.179 
0.166 
0.178 
0.201 
0.211 
0.167 
0.186 
0.177 
0.183 
0.189 



0.212 



0.183 
0.206 
0.188 
0.184 

0.186 
0.124 
0.141 
0.129 
0.129 
0.134 
0.116 
0.110 
0.147 
0.135 



0.107 
0.094 
0.104 
0.108 
0.116 
0.120 
0.108 
0.099 
0.104 
0.123 
0.088 
0.108 
0.068 
0.099 
0.098 
0.072 
0.074 
0.087 
0.117 
0.096 
0.078 
0.077 
0.055 
0.089 
0.082 
0.072 
094 
0.092 
0.082 
0.091 
0.091 
0.086 
0.104 
0.102 
0.087 



0.364 
0.324 
0.309 
0.328 
0.346 
0.373 
0.378 
0.347 
0.348 
0.354 
0.289 
0.284 
0.369 
0.290 
0.294 
0.251 
0.227 
0.231 
0.282 
0.271 
0.219 
0.225 
0.231 
0.262 
0.240 
0.254 
0.187 
0.281 
0.295 
0.306 
0.278 
0.281 
0.296 
0.337 
0.323 



TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

SAAO 

SAAO 

SAAO 

SAAO 

SAAO 

SAAO 

SAAO 

SAAO 

SAAO 



0.020 for observations made in 2002 January. Table 3 lists new 
near-infrared photometric measurements of W90. 



2.2. Ha index and BVRJc pliotometric data 

The data shown in Figs[T]and|2]and the majority of the new data 
displayed in Tables 1 and 2 were secured using the 0.8 Im robotic 
telescope at the Tenagra Observatory (TO) in southern Arizona. 
The observations of 52 nights reported here, are part of a multi- 
year, multi-target monitoring program that was conducted at TO 
from 2004 January through 2006 December. 
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Table 3. Unpublished near-infrared photometry of Walker 90. 2.2.1. BVRJc photometric data 



Date 


JD-2400000 


J 


H 


K 


L 


Obs. 


1984 Dec 01 


46036.0 


11.49 


10.71 


9.23 


7.57 


ESO 


1 QQD Mar 1 




1 1 AR 


1 n /IS 




7 dd 


cow 


1990 Mar 17 


47967.5 


11.57 


10.49 


9.31 


7.55 


ESO 


1990 Mar 18 


47968.5 


11.55 


10.49 


9.33 


7.48 


ESO 


1990 Mar 19 


47969.5 


11.53 


10.48 


9.31 


7.36 


ESO 


2003 Jan 29 


52669.3 


11.20 


10.16 


9.34 




SAAO 


2003 Jan 30 


52692.3 


11.86 


10.90 


9.71 




SAAO 


2004 Mar 24 


53089.0 


10.99 


10.11 


9.24 


7.58 


SAAO 


2004 Mar 28 


53093.0 


11.02 


10.06 


9.20 




SAAO 



12.50 

12.55 

12.60 

■S 12.65 
3 

g. 12.70 ^ 
n 

^ 



12.80 
12.85 



12.90 



DO n « O 














• 








• 


•I' 






^! 



























o W151 
. W90 



3000 3200 



3400 3600 3800 
JD - 2450000 



4000 4200 



Fig. 1. Photometric V magnitude from 2004 January to 2006 
December. The comparison star (W151, an older object) shows 
a V magnitude around 12.55 during this period, whereas W90 
appears brighter by about 0.20 magnitudes toward the end of the 
observing window. 



Observations at TO were made using the back-illuminated SITe 
IK CCD cooled to a temperature of -40°C. The plate scale for 
this system was found to be 0.87"per pixel. Filters were used to 
match the BVRJc Johnson/Cousins system and were patterened 
after the suggestions of Bessel (1979). Calibration frames were 
taken each night to make bias, dark and flat field corrections to 
the program frames by using the routines found in IRAF. Next, 
aperture photometry was done on each program frame using the 
APPHOT package in IRAF. A fixed aperture with a 15.7" diam- 
eter was used for all the TO frames reported in this investigation. 
Background subtraction was done using a sky annulus with a 3 
pixel width surrounding the photometric aperture. 

In addition to W90, aperture photometry was done on 11 
other stars in the field. From these, a comparison ensemble was 
selected that included five nearby stars (Walker numbers 93, 108, 
117, 125, and 151) of similar magnitude that were observed ev- 
ery night. Differential photometry was done between the com- 
parison ensemble and W90 in order to obtain standard magni- 
tude and color values for each of the observations through the 
various filters. A sense for the variabihty of W90 can be noted 
from the fact that the dispersion per observation is about three 
times larger in V than for nearby stars of similar magnitude. 
Many nights had multiple observations and some time series 
photometry was done on several nights for this field. Thus, the 
sample data presented in Tables 1 and 2 is a reduced set of all 
the data secured for W90 and as such represents average points 
of higher precision than single observations. 

The most recent set of observations, covering 2007 January 
and February, was secured at SAAO, Sutherland, using the 
0.5m telescope and the Modular Photometer (MP) with a GaAs 
photomultiplier and standard filters. The transformation coeffi- 
cients were carefully scrutinized by monitoring other field stars 
(Walker numbers 108, 125 and 151). During a 40 day period cov- 
ered by the observations, W90 was observed to be at the brightest 
V magnitude of 12.39 and as faint as 12.54. Note that the disper- 
sion per observation is 0.059 for W90 in V, which is also about 
three times as large as for stars of similar magnitude that were 
observed on the same nights. 



2.4 



2.2 



2.0 



!> 1-8 

Q. 



1.6 - 



1.4 



1.2 



■ W151 
i W90 



3000 3200 3400 3600 3800 4000 4200 
JD - 2450000 



Fig. 2. Ha index from 2004 January to 2006 December. This 
index for W90 appears in emission throughout the observing 
window, especially toward the later times. The comparison star, 
W151, shows a constant index in absorption during this period. 



2.2.2. Ha Data 

In addition, TO observations were made at three different epochs 
on a subset of the nights using a custom set of narrow (3nm) and 
wide (21nm) filters both centered on the Ha line.The Ha index 
is a wide/narrow photometric line index that is defined in the 
same manner as the HyS index described by Crawford & Mander 
(1966). A system such as this is ideal for detecting stars with 
features in emission. If the Wa emission is strong, as is the case 
in W90, the index is unmistakably small. Individual Ha spectral 
measurements in higher resolution showing their high variabihty 
are presented and discussed later in the paper. In this instrumen- 
tal system, the ordinary main sequence stars with spectral types 
between A and G have an Ha index that ranges between 2.3 and 
2.0. Walker 151 (W151, GSC 00750-00997, V=12.58, spectral 
type=G2) was selected as a nearby comparison star because it 
had a main sequence Ha value that was constant during the time 
of the observations. The W151 data show that another star of 
about the same magnitude as W90: 1) has an index around 2.2, 
as is to be expected for a star of this spectral type on the main 
sequence, and 2) has showed smaller variation overall at each 
observation epoch. The Ha lines in W90 were clearly in emis- 
sion for all observations. In fact, any star with an index smaller 
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5100 5800 
Wavelength (A) 




4360 4520 

LAMBDA [Angstrom] 



Fig. 4. Low resolution spectra {AA ~ 0.6 A) centered at Hy. H/3 
appears barely in absorption with a narrow asymmetric emission 
superimposed. Other Balmer lines also appear asymmetric. 



Fig. 3. Low resolution spectra (AA ~ 1 .8 A) covering from 3700 
to 7000 A. Note the strong flux continuum toward blue wave- 
lengths. Ha is in emission with an equivalent width of 10.5 A, 
H/3 appears as a fill-in absorption, and other Balmer lines are in 
absorption. 



than about 1.8 is almost certainly showing emission in this sys- 
tem. As the index gets smaller after reaching the flat continuum 
value, increasingly stronger emission features are indicated for 
the last set of observations in 2006 December. 



2.3. Optical spectroscopy 

2.3.1. Low resolution data 

Low resolution spectroscopic data were secured at the ESO 1 .5m 
telescope in three consecutive observing seasons between 1985 
and 1987 with the Image Dissector Scanner (IDS). These data 
covered the spectral range from 3700 to 7000 A, with resolu- 
tions AA ~ 1.8 and 0.6 A. Data reductions were accomplished 
to absolute flux. For example, at the central wavelength of the 
V filter (5500 A), the absolute flux is 2.7 x IQ^^^wattnT^^inT^ , 
which corresponds to a V magnitude of 12.90 by using the stan- 
dard Johnson (1966) flux to magnitude conversion. 

In Fig. [3]we present the observed spectrum of W90 covering 
over 3300 A. We note the strong flux continuum toward shorter 
wavelengths. Also Ha is in emission. Hp appears in absorption 
with a fiUed-in emission component, and the remaining Balmer 
lines are in absorption. The flux distribution observed confirms 
the spectral type of B8pe at the time of the observations. Fig.|4] 
illustrates in a medium resolution (K-AI AA - 7, 500) the com- 
plex shape of the Balmer lines Hfi, Hy, H6 and He. 

2.3.2. Palomar Echelle data 

Optical spectra were obtained at the Mt. Palomar 60-inch tele- 
scope on 14 observing nights during the period from 2002 
November through 2003 March. We used the Norris Echelle 
spectrograph, which provided a resolution of R = 19,000 {AA 
- 0.2-0.5 A) and covered the wavelength range from 3600 to 
9000 A. We used the CCD9, a Texas Instruments backside- 
ifluminated 800 x 800 CCD, along with a 2.13 x 7.90"slit. Most 
exposures have S/N ratios measured at 6,000 A, ranging between 



Table 4. W90 optical spectra obtained with Palomar 60-inch 



Date 


Exp. Start JD-2400000 


Duration 




(UT) 


(min) 



2002 Nov 16 


07:06 


52594.79 


70 


2002 Nov 16 


09:40 


52594.90 


120 


2002 Nov 17 


08:19 


52595.84 


90 


2002 Dec 02 


06:48 


52610.78 


60 


2002 Dec 02 


08:08 


52610.83 


60 


2002 Dec 13 


05:45 


52621.73 


60 


2002 Dec 13 


07:06 


52621.79 


60 


2002 Dec 13 


08:31 


52621.85 


60 


2003 Dec 14 


12:14 


52623.01 


32 


2003 Jan 10 


10:20 


52649.93 


60 


2003 Jan 1 1 


08:45 


52650.86 


60 


2003 Jan 19 


08:59 


52658.87 


30 


2003 Jan 19 


09:51 


52658.91 


50 


2003 Jan 19 


10:55 


52658.95 


50 


2003 Jan 19 


12:00 


52659.00 


25 


2003 Jan 27 


06:07 


52666.75 


60 


2003 Jan 27 


10:25 


52666.93 


50 


2003 Jan 27 


11:16 


52666.96 


40 


2003 Feb 18 


06:44 


52688.78 


60 


2003 Feb 18 


07:51 


52688.82 


60 


2003 Feb 18 


09:00 


52688.87 


60 


2003 Feb 19 


03:51 


52689.66 


60 


2003 Feb 19 


08:23 


52689.84 


60 


2003 Mai- 14 


03:30 


52712.64 


60 


2003 Mar 14 


04:30 


52712.68 


60 


2003 Mar 15 


02:53 


52713.62 


25 



10 to 30, with an average of 18. Table 4 lists all the exposures 
taken and their duration. Photometric conditions were not ideal 
and the targets were often partially obscured by cloud cover 
which sometimes produced variable obscuration during a single 
exposure. Seeing varied from ~1 - 3", with a mean around 1.5"to 
2". The spectrograph was manually rotated to within about a 
degree of the parallactic axis at the beginning of most obser- 
vations, and could not be changed during the course of an expo- 
sure. A total of 26 Echelle spectra of W90 and of the comparison 
star. Walker 212 (HD 47961, B2V, V=7.5), were secured. The 
spectral variability, both in continuum flux and lines, presents 
changes on a time scale as small as hours. This is not uncom- 
mon in HAeBe stars; however, the cause of these variabilities 
remains unclear In Figs|5]-[8] we present the Echelle line spectra 
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Vj, [km s ^] 
-1000 1000 




6540 6560 6580 



X [K] 

Fig. 5. Seven observations of Ha showing a highly variable 
structure, a broadening of +400 km/s, and a strong inverse P- 
Cygni profile on top of this broad emission. Note that in most 
cases Wna ^ 10 A. Observing dates are labeled. 



of W90. A discussion of the specific lines observed follows in 
Section 3. 



2.4. Ultraviolet spectroscopy 

The International Ultraviolet Explorer (lUE) archives contain 
17 low-dispersion {AA ~ 6 A) spectra of W90, ten long- 
wavelength (LWP), and seven short-wavelength (SWF) camera 
spectra, all obtained through the large aperture (10" x 20"). 
These spectra were secured between 1980 and 1994. Since the 
optimal exposure times for each wavelength region are about 6-8 
hours long and because the largest exposure time was only 180 
minutes long, the S/N in the data presented here are low and the 
spectra are generally underexposed. 

By using the Fine Error Sensor (FES) counts recorded on the 
lUE observing scripts and the photometric calibration by Perez 
& Loomis (1991), we estimated V magnitudes for the time of the 
lUE exposures for all spectra with the exception of LWP 27428. 
This V{FES) calibration has a mean error of + 0.03 mag. FES 
counts were affected by the abnormal increase in scattered light 
seen by the telescope optics after 1991 January 22. We have 
noted the V estimates after 1991 with an asterisk in Table 5, 
fourth column, indicating that they are more uncertain than the 
values from previous years and quite likely overestimate the ac- 
tual V magnitudes. 
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Fig. 6. Multiple observations of H/3 showing a highly variable 
strong inverse P-Cygni profile blueshifted and a redshifted com- 
ponent with terminal velocities of ~ 500 and ~ 600 km/s, respec- 
tively. 



Table 5. lUE short- and long-wavelength camera data for W90. 



Date 


Image. 


Exp. Time 


V(FES) 


Comments 




Number 


(min) 


(mag) 




1980 Feb 02 


SWP07991 


150 


12.54 




1980 Nov 23 


SWF 10661 


120 


12.58 


underexposed 


1981 Jan 14 


SWP11046 


150 


12.59 




1982 Jan 11 


SWP16016 


120 


12.50 


high background 


1992 Feb 18 


SWP44015 


180 


12.82* 




1992 Feb 20 


SWP44024 


130 


13.03* 




1992 Mar 28 


SWP44261 


173 


13.07* 




1980 Feb 19 


LWR06956 


90 


12.57 


underexposed 


1980 Feb 22 


LWR06970 


85 


12.62 


underexposed 


1980 Nov 23 


LWR09369 


105 


12.56 




1981 Jan 13 


LWR09701 


120 


12.63 




1982 Jan 11 


LWR12324 


105 


12.49 




1992 Feb 17 


LWP22408 


120 


12.80* 




1992 Feb 20 


LWP22417 


90 


13.10* 


underexposed 


1992 Mar 28 


LWP22701 


80 


13.08* 


underexposed 


1992 Mar 28 


LWP22702 


90 


12.98* 


underexposed 


1994 Feb 16 


LWP27428 


80 




abnormal fluxes 



2.4.1. Short wavelength ultraviolet spectra 

In Fig.|9]we included a mosaic of the six short wavelength spec- 
tra (1230 to 1950 A) taken during a span of 12 years (excluding 
SWP 16016). We note the variabilities in the continuum and in 
the emission lines indicated. The flux data include the NEWSIPS 
flux calibration. Fig. [TO]presents all seven SWP spectra stacked 
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Fig. 7. Five observations of H<5 showing a highly variable profile 
and strong redshifted asymmetric profile with a terminal veloc- 
ity of ~ 400 km/s. This indicates the presence of circumstel- 
lar material moving away in our line-of-sight, which could be 
due to stellar winds or to neutral gas accretion flows typical in 
Herbig Ae/Be Stars (Ghandouret al. 1994). The same dynamics 
are present in the profiles for H(5 and He. 



up by date (from the bottom up). In the bottom insert, a co-added 
flux spectrum is depicted. This shows some of the increasing 
continuum toward shorter wavelengths. We point out that image 
4 (SWP 16016) appears with a strong continuum flux, possibly 
due to background radiation which saturates portions of the cam- 
era. We also note a less dramatic brightening in image 6 (SWP 
44024) with a marginally larger exposure time of 130 minutes. 
We note that because of the length of the exposures, Lyman a 
geo-coronal emission (1215 A) strongly contaminated all short- 
wavelength spectra. As a result, it is impossible to determine 
whether W90 has an intrinsic emission at this wavelength. That 
saturated part of the spectra was excluded from Figs. |9] and [TOl 

2.4.2. Long wavelength ultraviolet spectra 

In Fig.[TT]we present nine long wavelength spectra (2400-3000 
A) of exposure times ranging from 90 to 120 minutes taken 
over a span of 14 years. The striking variability of the over- 
all flux spectrum, along with the strongest lines, can be clearly 
seen. Other variability (especially at /I < 2450A) could be an 
artifact due to the low S/N of the spectra. Fig. [12] presents all 
ten LWP spectra available stacked up by date (from the bot- 
tom up). In the bottom insert, a co-added flux spectrum is de- 
picted showing some well developed emission lines and the 2200 
A broad absorption feature due to interstellar extinction, which 
probes a dense line-of-sight with some possible large organic 
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Fig. 8. Observations of Ca II K line (3934 A) showing a variable 
profile in weak absorption. Note the modest blueshifted centroid 
of this line. 
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Fig. 9. Archive SW spectra. A sample of the spectra available 
with the best S/N (excluding SWP 16016). We present line ten- 
tative identification and note the variabilities in the continuum 
and line fluxes. 



molecules. We note that the 2200 A absorption feature, although 
common in galaxies and other distant objects, is rarely detected 
in galactic stellar objects such as W90, which clearly suggests 
high density of small particles in the line-of-sight (Steenman & 
The 1991). These data were reduced by applying the NEWSIPS 
low-dispersion flux correction devised by Massa & Fitzpatrick 
(2000), which corrected flux errors of 10 - 15%. 
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Fig. 10. Short wavelength spectra. The seven spectra available 
for W90 ordered by date are stacked up in this color figure. The 
bottom insert includes a co-added flux spectrum of the seven 
individual NEWSIPS spectra, flux corrected by the Massa & 
Fitzpatrick (2000) calibration. Note the clear continuum rising 
toward the short wavelength region. 
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Fig. 12. Long wavelength spectra. The ten spectra available for 
W90 ordered by date are stacked up in this color figure. The bot- 
tom insert includes a co-added flux spectrum of the ten individ- 
ual NEWSIPS spectra, flux corrected by the Massa & Fitzpatrick 
(2000) calibration. Many emission lines are presented, primarily 
Fe I, Fe II, and Mg II. 



Long Wavelength Images (1980-1994) 




LWP 22702 - 



2400 2475 2550 2625 2700 2775 2850 2925 3000 
Wavelength (A) 

Fig. 11. Archive LW spectra. A sample of the spectra available 
with the best S/N (excluding LWP 27428). Note the variability 
in the Fe I, Fe II, and Mg II emission lines. 

2.4.3. Infrared imaging: Spitzer and VLT 

We examined Spitzer archival IRAC (Fazio et al. 2004) and 
MIPS (Rieke et al. 2004) images of W90 and its environs. The 
IRAC data, which have a resolution of 1 .25"per pixel, show W90 
as an unresolved source in all four filters (3.6, 4, 5, 5.8, and 8.0 
/im). The MIPS images have resolutions of 2.55"per pixel at 24 
jum, and 4.99"per pixel at 70 ;um. At 24 /im W90 is unresolved, 
while at 70 yum it is not distinguishable as a discrete source amid 
the bright extended emission at that location. Considerable ex- 
tended emission is apparent within ~5'or more in all directions 
from W90 at all Spitzer wavelengths, but the emission appears 
to be typical ISM background and does not show any structure 
which suggests a physical relation to W90. 

Diffraction-limited images of W90 in the 1L3 and n.9 /im 
bands were also obtained with the VLT Imager and Spectrometer 
for the mid-Infrared {VISIR; Lagage et al. 2004) at ESO-Paranal 
during the night of 2004 December 12. Subtraction of the ther- 
mal emission from the sky, as well as the telescope itself, was 
achieved by chopping in the North-South direction with a chop 



throw of 15", and nodding the telescope in the opposite direc- 
tion with equal amplitude. The cosmetic quality of the images 
was further improved by superimposing a random jitter pattern 
(with a maximum throw 2") on the nodding sequence, so as to 
minimize the effect of bad pixels in the detector array on the fi- 
nal science data. Total integration times were 13 and 18 minutes 
for the 1 1.3 and the 1 1.9 /im filters, respectively. 

3. Discussion and results 

3.1. Cluster membership, pliotometric variability and 
evolution 

Object W90 is likely to be a cluster member due to its phys- 
ical location, proper motion, spectral type, and particular red- 
dening characteristics, observables which have contributed to a 
high probability of membership (~ 90%), as indicated earlier. 
Since Herbig (1954) classified this star as entry No. 25 (LkHa 
25) with a photographic magnitude of 14.0 in his catalog of 
emission-line objects, increasing interest has been drawn to this 
peculiar star. Later, Walker (1956) with photoelectric measure- 
ments found magnitude variations from 13.18 to 12.88, and thus 
classified it as a potential variable. Now it is also known as V590 
Mon (Herbig and Bell 1988). Likewise, Walker (1956) also dis- 
covered that this star lies below the ZAMS in the H-R diagram 
because of an unusual reddening in excess of 3 to 4 magnitudes. 
Sitko et al. (1984) noted that W90 was 1 magnitude below the 
ZAMS and about 3 magnitudes below the location of other clus- 
ter members in NGC 2264. W90 location on the H-R diagram 
is hardly unique, since recently Sung et al. (2008) identified 82 
below main sequence (BMS) objects brighter than 4 = 20 mag- 
nitudes in NGC 2264, including W90. Because of their near-IR 
excesses, most of these BMS stars appear to be pre-main se- 
quence objects seen through circumstellar material. 

For example, if this obscuration in W90 is caused by the 
remnant primordial material surrounding this object, an even- 
tual clearance process is expected, yielding increased optical 
fluxes. This process was thought to have occurred when Bhatt & 
Sagar (1992), using observations taken in 1989, announced that 
this object was 3 magnitudes brighter at V=9.7. Unfortunately, 
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Fig. 13. Visual magnitude and color variabilities for the last 45 
years. A quick inspection reveals the lack of correlation among 
the color changes and the V magnitude. After 2002, W90 seems 
to be at its brightest level with dramatic color changes in the 
indices V - Rr and V - L- 



this was demonstrated to be a false alarm (Perez et al. 1992). 
Our observations for the last decade show small variabilities, 
V= 12.68 ± 0.11, with some brightening trends, as is shown in 
the following section. We present in Fig.[T3]a compilation of 45 
years of optical Johnson and Cousins photometric values taken 
from the literature and from our unpublished data. Trends appar- 
ent in the data can be better determined in subsequent figures. 
We present further evidence of the primary decrease in bright- 
ness in the K color filter for this star In Fig. [14] we illustrate 
the apparent increase of the luminosity in the visual magnitude, 
V, since 1956 (we excluded Herbig's photographic magnitude) 
and the sustained luminosity decrease of the near-infrared mag- 
nitude, K, over the same period. One can note the systematic 
weakening of the K magnitudes in the recent past, of 0.22 mag- 
nitudes per decade, whereas the V magnitude seems to have non- 
periodic faint and bright incursions. 

This brightening effect can be attributed to either a change in 
the inclination angle, i, or to a real vanishing, by expulsion or ac- 
cretion, of the thick circumstellar shell around this star Rydgren 
and Vrba (1987) argued that the large infrared excess of this star 
can be explained as an optical depression, and that this abnormal 
extinction can be attributed to an edge-on circumstellar disk. 

In Fig. [15] we illustrate the visual magnitude against the 
Johnson/Cousins color variations for the same data set secured 
in the last 45 years. The clustering of the data seems to depart 
in each panel from the interstellar reddening line, indicated with 
an arrow. The most noticeable cases are the (U - B) and (V - 7^) 
data sets illustrating an incipient blueing effect ("hockey stick" 
shape), or Algol type brightness minima, which is a well-known 
phenomenon present among UX Ori objects (e.g., Grinin et al. 
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Fig. 14. Variability of V and K magnitudes for the last 45 years. 
Note the systematic decrease of the K color flux in the last 30 
years. Modeling this decrease as I^iK) ~ -a{t - to), a is 0.22 
magnitudes per decade, or a decrease in flux, Fk, by 42% in the 
last three decades. 
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Fig. 15. Color variations for the last 45 years. The interstellar 
reddening line is indicated with an arrow in each panel. Note 
manifestations of the blueing effect in the V versus (U-B) and 
(V-Ic) diagrams. As the star becomes fainter on some occasions, 
instead of becoming redder the (B-V) colors remain at the same 
color or they become slightly bluer. A similar effect is presented 
in the other panels. 



1994). In the context of the more well-studied variabilities in T 
Tauri stars (e.g, Herbst et al. 1994), one can test the hypothesis of 
whether the color variabilities of W90 follow the ortho-UB V or 
para-UBV patterns proposed by Safier (1995). Fig. [T6l presents 
the color-color diagram of the available data points. Neither clas- 
sification scheme devised by Safier (1995) is obviously evident. 
However, by simple elimination, W90 is less of an ortho-UBV 
and possibly more of a para-UBV object (i.e., U-B colors tend 
to be anticorrelated with B - V). No clear or unique explana- 
tion exists for the variability of the para-UBV objects in T Tauri 
stars, but Safier (1995) has speculated that these changes could 
correspond to magnetic accretion, provided that the continuum 
emission arises in the accretion shock at the stellar surface with 
fixed disk density and a variable accretion radius. The accretion 
disk interpretation in W90 is further discussed in later sections. 

We have also plotted the available photometric data at longer 
wavelengths in the plane of (V-R)c versus {R-I)c in Fig. [IT] The 
data points clearly follow the reddening vector represented by 
the dashed line. In the classification scheme presented by Safier 
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Fig. 16. Observed color-color diagram, (U-B) against (B-V) for 
the archival and new data. Note the grouping of the data points 
between the dashed lines. The solid line represents the ZAMS. 
W90 data points are located mostly above the flat part of the 
ZAMS line, mimicking a somewhat later spectral type. 
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Fig. 17. Observed color-color diagram {V - R)c against {R - I)c 
for the archival and new data. On this plane, the data points fol- 
low the trend outlined by the dashed line, which represents the 
reddening vector. The variability at longer wavelengths seems 
dominated by extinction changes along the line-of-sight. 



(1995), this resembles the ortho-UBV in T Tauri stars, which 
could be explained as variable obscuration as seems to be the 
case for the {V-R)c versus {R-I)c colors. However, we warn that 
the plane of VRI variability remains unexplored in the context of 
Safier's (1995) classification scheme. 

3.2. Evolution of spectral type 

It is interesting to note the apparent evolution toward earlier 
spectral types for this star. Herbig (1954) classified it as A2- 
A3; then Walker (1956) gave it a spectral type of A2p, Herbig 
(1960) B8pe-Hshell, Warner et al. (1977), B9-A0, and Young 
(1978), B4V. Nevertheless, Perez et al. (1987) found a spectral 
type of B8V from IDS data, although the derived photometric 
spectral type is B9.5 V (Q method), suggesting a discrepancy be- 
tween its spectroscopic and photometric behavior. Based purely 
on the strong UV fluxes toward short wavelengths, Imhoff & 
Appenzeller (1987) classified W90 as B4. The most recent de- 
termination by Hillenbrand (1995) assigned a B7 spectral type to 
W90. Hernandez et al. (2004) used new spectroscopic data and 
reviewed some of the published spectral type classifications be- 
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Fig. 18. Variability of V and AV against time. AV was formed 
by subtracting ¥„,,„ from V,„„ t for each year with multiple obser- 
vations. Note that after the year 2000 AV < 0.2 mag (with the 
exception of some 2007 photometric data) confirming that the 
spectral type is B7 and supporting the contention that only large 
amplitude photometric variabilities are present for spectral type 
B8 or later. 

fore concluding that the spectral type was B7 with a 2.0 spectral 
subtype error. 

3.3. What spectral type is it? 

With the decades of photometric measurements of W90 and the 
alleged spectral type evolution discussed in the previous sec- 
tion, we tested a correlation advanced by Finkenzeller & Mundt 
(1984) and Bibo & The (1990), and confirmed by van den 
Ancker et al. (1998) and Herbst & Shevchenko (1999). Herbst & 
Shevchenko (1999), using a large large data set of 230 UX Ori 
objects which included W90 observations, established that large 
amplitude photometric variability (AV > 0.2 mag) is present ex- 
clusively in stars with spectral type B8 or later. If this empirical 
coiTelation holds, we should not expect photometric variabilities 
larger than 0.2 mag, and we could estimate the crossing time of 
the spectral type to B7. For the photometric data, V, of W90 we 
formed the index AV for the years with multiple observations 
by subtracting y,„,„ from Vmax for each individual year. The in- 
dex Ay is displayed in the bottom panel of Fig. [18] showing that 
some time after the year 2000 the variabilities in V are the small- 
est in the whole photometric history of W90, with the possible 
exception of the 2007 photometric data. This analysis supports 
both the validity of the correlation and the recent spectral type 
determination of B7. In summary, the apparent changes toward 
earlier spectral types, mimicking a hotter photosphere with time, 
are due to the increasing visible accretion temperature that is be- 
ing sampled in the line-of-sight. 

3.4. Anomalous extinction 

Although UV wavelengths are subjected to differential extinc- 
tion, they have the advantage of being relatively free of emission 
lines compared with infrared wavelengths. Accurate flux mea- 
surements in the far-UV could help us to obtain more precise R,. 
values through the calibration described by Cardelli & Clayton 
(1988). Previous studies on the UV extinction in young open 
clusters (c.f., Massa & Savage 1985, Massa & Fitzpatrick 1986) 
have indicated that the differences of structure from star-to-star 
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Fig. 19. Spectral energy distribution derived for W90 by using 
an abnormal extinction law of R,,=3.6. Note the onset of a large 
IR excess starting around 1 .25 /im. The effective temperature de- 
rived corresponds to a B7-8V star. Two Planck emission func- 
tions having temperatures of 1090 K and 310 K are fitted to the 
near- and far-infrared excesses. 



are within the observational errors, suggesting that open clusters 
such as NGC 2244 have a unique non-variable UV extinction 
curve. 

Earlier UV observations of W90 by Sitko et al. (1984) indi- 
cated that the grain size was larger than those in the normal inter- 
stellar medium and that the graphite-silicate mixture seems to fit 
the extinction curve, although this is noted as highly uncertain. It 
was also suggested that a larger value of R,, (> 7) was required to 
deredden W90 to its proper position on the color-color diagram. 

By analyzing polarization data, one can also obtain insights 
into the extinction characteristics. Intrinsic polarization for this 
star has also been found to be variable by Breger (1974). He 
found a local maximum in 1973 at /l„,„=0.65 /im. Using the 
formula 

= (5.6 + 0.3) * A^ax, 

we can derive a value of R,.=3.64 which seems to be a lower 
limit for its extinction correction. Perez et al. (1987) derived a 
value of Rv=5.2 by fitting the unreddened spectral energy dis- 
tribution (SED) with the best Kurucz model (T= 12,000 K, log 
g=3.5). Recently, Hernandez et al. (2004), following the sugges- 
tion made by Testi et al. (1998), demonstrated for a larger sta- 
tistical sample of 55 HAeBe stars(including W90) that a value 
of Rv=5.0 was a better extinction correction for the heavily red- 
dened objects in their sample, suggesting a larger grain size in 
their circumstellar environments. It is interesting to note that by 
using larger R,. values to estimate stellar parameters, objects like 
W90 appear much younger {tgge < 0.2 Myr; Testi et al. 1998). 

3.5. The spectral energy distribution 

Using mean observed photometric values, we have derived a 
SED by using R,,=3.6. The fit of the photospheric temperature 
of Te//= 12,000 K, which corresponds to a B7-8V star, is some- 
what satisfactory in the blue and UV colors. We note the large 
IR excess starting at 1.25 fim. The SED is presented in Fig. [19] 
We do not detect the optical depression of about 3 magnitudes at 
V noted by Rydgren & Vrba (1987). By modeling the infrared 
excess of this star we were able to fit two dust shells having 
temperatures of 1,090 K and 310 K, respectively, illustrated also 
in Fig. [19] This result adds strong support to the thermal re- 



emission argument as the responsible mechanism of the infrared 
excess. 



3.6. Inconclusive x-ray emission 

Simon et al. (1985) tagged W90 as an Einstein X-ray emitter 
candidate indicating that the thick disk-like shell around this star 
could be fairly transparent to high energy photons. However, 
we note that two surveys of x-ray sources in NGC 2264 by 
Flaccomio et al. (2000) of ROSAT HRI observations (average 
of \og{Lx) ~ 30.49 + 0.03 for the detected sample, where Lx 
is in ergs s ') and by Ramirez et al. (2004) based on ACIS- 
Chandra observations failed to detect W90 to the upper limit 
of log(Lx) ~ 28.48. Hamaguchi et al. (2005), doing an ASCA 
archival survey, also failed to detect W90 to their exposure limit 
of log(Lx) ~ 32.0. They also provided a revised ROSAT HRI 
upper limit detection for W90 of log(Lx) - 31.3. In analyz- 
ing archival Chandra data, Stelzer et al. (2006) examined the 
role of previously unseen late-type companions in the sample 
and confirmed the non-detection of W90 with an upper limit of 
log(Lx) ~ 28.8, in close agreement with the earlier result by 
Ramirez et al. (2004). 

Most recent x-ray surveys by Flaccomio et al. (2006), based 
on lOOks long of ACIS-Chandra data and Dahm et al. (2007) 
of XMM-Newton EPIC observations of NGC 2264, failed to 
detect W90 within their sensitivities. Although the decline in 
x-ray emission for Herbig Ae/Be stars with increasing age is 
well documented (e.g., Hamaguchi et al. 2005), suggesting an 
age for W90 of several million years, as Lx decreases below 
10"^" erg s ' . We further discuss the age of W90 in the following 
section, based on the observed disk size. 



3. 7. Upper limit to disk size 

In both infrared images secured with the VLT VISIR detec- 
tor, W90 was indistinguishable from a point-source. From these 
data, we derive an upper limit of < 0.1" for the diameter of the 
emitting region in the thermal infrared. Assuming the most com- 
mon distance adopted toward NGC 2264 of 800 pc (e.g., Dahm 
& Simon 2005, Teixeira et al. 2006), an upper limit of 80 AU 
is derived for the outer disk size of an optically thick disk. This 
limit fits in the low-end of other disk surveys of HAeBe stars, 
such as the one conducted by Eisner et al. (2004), who analyzed 
24 HAeBe objects at 2.2 yum and found disk sizes ranging from 
30 to 400 AU. Moreover, W90 follows the low end trend de- 
scribed by Leinert et al. (2004) of the [12-15] IRAS colors and 
the disk sizes. 

This upper limit for the disk size can be further analyzed to 
get an estimate of the stellar and disk system age. Dent et al. 
(2005) suggested that disk sizes seem to decrease with time, and 
for an 80 AU disk system a representative age of 7-10 Myr is 
empirically assigned. This range fits well within the upper end 
of the mean ages for the overall cluster, NGC 2264, as compiled 
by Dahm & Simon (2005) spanning from 0.1 to 10 Myr 

3.8. Spectral features 

3.8.1. Inverse P-Cygni profiles in Balmer lines 

The Ha (6562 A, Fig. |5]l and H/S (4861 A, Fig. O lines are 
in emission with a complex underlying structure of at least 3- 
4 individual components. Ha spectra revealed strong emission 
profile variability with a broadening feature of +400 km/s plus 
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an inverse P-Cygni (IPC) feature of Wna > lOA. Hy and U6 
(Fig. |7J are in absorption, showing asymmetric and rotation- 
ally broadened profiles. Higher order Balmer lines starting with 
He through H8-H15 are all present in absorption with the same 
asymmetric structure shown by earlier members of the series. 

From Schmidt film Ha, Reipurth et al. (2004) reported that 
W90 had an average Ha emission. Ha profiles (Fig.|5]) observed 
in W90 are clearly different from all of the Ha profiles which 
Reipurth et al. (1996) proposed as typical for characterizing pre- 
main sequence objects. Variable Ha emission and IPC profiles 
were observed in just two of 18 HAeBe stars (UX Ori and BF 
Ori) and three of the 43 T Tauri stars (SZ Cha, SZ 82, and 
AS207) by Reipurth et al. (1996). Vieira et al. (2003) found sim- 
ilar behavior in two HAeBe candidates (PDS 018 and PDS 024). 
However, both the Ha emission strength and IPC variability ob- 
served in W90 by us were significantly more extreme than what 
was seen in the examples of Reipurth et al. (1996) and Viera 
et al. (2003). The IPC profiles in W90 are not limited to the low 
Balmer lines. In fact, Dahm & Simon (2005), via IRTF measure- 
ments, found IPC profiles for He I (1.0833, 2.0587 fim). In addi- 
tion, they detected the Brackett series and many of the Paschen 
lines in emission as well as several Fe II and [Fe II] lines. 

Unlike P-Cygni profiles, which are attributed to strong stellar 
winds and mass loss, IPC features are rare and widely interpreted 
as evidence of mass infall (e.g., Hartmann et al. 1994, Edwards 
et al. 1994). Li & Rector (2004) ai-gued, alternatively, that Ha 
IPC could be attributed to a high-inclination angle of the edge- 
on relic disk. Rapid changes of the blue and red peaks in the 
IPC profile, such as we observed in W90, could be caused by the 
presence of a variable structure and dumpiness in the circum- 
stellar disk (de Winter et al. 1999). Furthermore, there appears to 
be a coiTelation between UX Ori objects and the presence of Ha 
IPC profiles (Grinin & Rostopchina 1996), relationship which is 
reinforced by our data since W90 has some photometric resem- 
blance to UX Ori objects (Fig.fTsTl. In summary, the strong pres- 
ence of IPC profiles in several low order Balmer lines at multiple 
epochs over a period of months, not only suggest prolonged and 
thus substantial mass infall, but is not consistent with the behav- 
ior of T Tauri stars, which display fluctuations from mass infall 
to mass over such time scales. Thus the behavior of the low or- 
der Balmer lines in W90 is suggestive of it being a high-mass 
object. 

3.8.2. Optical and near-IR lines: Fe, Mg, Na, He, Ca, O, Ca II 
and Paschen lines 

The metal lines of Fe I and II are mostly absent, with the possible 
exception of Fe I (4325 A), which appears weakly in emission. 
Mg I lines (4481, 4703, 6318, etc.) are equally missing from the 
spectra. 

The Na I doublet at 5890, 5896 A is in emission, showing 
remarkably narrow profiles characteristic of an H II region. He 
lines (4026, 4121, 4144, 4471, and 5875 A) are weakly visible 
in broad absorptions. This suggests that the spectral type of W90 
is probably later than B9. But the Ca II H and K (3934 and 3968 
A) lines, as shown in Fig. [8] are conspicuously part of a broad 
absorption, suggesting that the spectral type of the material sam- 
pled is not later than AO. 

Ca II triplet and Paschen lines are both in emission and ab- 
sorption. Ca II lines in emission have been suggested by Catala 
et al. (1986) and Hamann & Persson (1992) to be a unique char- 
acteristic of HAeBe stars. 



In summary, the overall multiwavelength spectrum of W90 
does not appear to be dominated by a stellar photosphere. Rather, 
the spectra are a superposition of an emission nebulosity, a dense 
HII region, and an accretion disk, which points to the complexity 
of the immediate environment of this object. 

3.8.3. Ultraviolet continuum and lines 

Previous UV data analyses of W90 were published by Sitko et 
al. (1984), Simon et al. (1985), and Valenti et al. (2000, 2003). 
Sitko et al. (1984) used the lUE data to study the anomalous dust 
extinction toward this object, arguing that a larger size graphite- 
silicate mixture can explain it. However, they did not include 
any line identification in the spectra. From lUE spectra of 19 
stars in NGC 2264, Simon et al. (1985) found a far more di- 
verse star sample compared with clusters previously studied. 
They detected no chromospheric emission for stars brighter than 
12 magnitudes that lie above the ZAMS. We note here that the 
chromospheric emission interpretation was an early attempt to 
explain emission phenomena likely arising from more energetic 
processes, such as accretion flows onto the central star. Even for 
stars with later spectral types that allow chromospheres to exist, 
such as T Tauri stars, this interpretation has been out of favor 
(e.g., Johns-Krull et al. 2000). Furthermore, Simon et al. (1985) 
expressed some uncertainties as to whether the circumstellar and 
interstellar extinction masked any stellar emission feature. 

A rising continuum flux toward shorter wavelengths was de- 
tected (Fig. |9l Fig. [Tol l. Although this was interpreted as evi- 
dence of an early spectral type by Imhoff & Appenzeller (1987), 
we believe that the rising UV continuum of W90 probably has 
a non-photospheric origin. In the collection of SWP spectra of 
74 HAeBe stars (Valenti et al. 2000, their Fig. 4), W90 shows 
a distinctive rising continuum with some weak emissions super- 
imposed, similar to the photospheric flux seen in earlier spectral 
type objects among their sample. 

Although calibration errors can be reduced by co-adding lUE 
spectra obtained at different epochs Valenti et al. (2003), we did 
not attempt to co-add the data for line identification due to sig- 
nificant flux variations (beyond the reproducibility errors of the 
lUE cameras ~ 3%), which are clearly present among the dif- 
ferent spectra. A relative amplitude of fluctuations of 5.9% was 
measured for the SWP camera (Valenti et al. 2000) and also was 
measured for the LWP cameras (Valenti et al. 2003). We tenta- 
tively detect the N V emission line (1240 A), which arises in a 
super-ionized region (T~ 2 x 10^ K). In a study of 49 T Tauri 
stars, Johns-Krull et al. (2000) concluded that the SWP contin- 
uum fluxes in the classical T Tauri stars appear to originate in a 
~ 10,000 K optically thick plasma. By analogy, we suggest that 
the steeper continuum flux in W90 could originate from the hot- 
ter, ~ 10^ K plasma, which is implied by the N V line. Besides 
this line, the other line identification which we could make with 
confidence is the C IV absorption (1550 A), which is typically a 
strong feature in hot stars. 

In Fig. [TTl we show the LW spectra available (excluding 
LWP 27428), where it is possible to detect several incipient 
emission lines such as Fe I, Fe II, Mg II, etc. The presence 
of Fe lines and the Mg II lines in emission are excellent di- 
agnostics of temperatures and significant densities for the en- 
vironment suiTounding W90. Many other emission lines appear 
blended (e.g., Cr II, Ni III, Mn II, etc.) so their identifications are 
somewhat unreliable in these spectra. W90 follows the behavior 
described by Imhoff (1994) for pre-main sequence objects with 
Mg II in emission, which also present strong near-IR excesses. 
Despite the flux variations, a mean deficiency can be seen around 
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2200 A (Fig. [12] bottom panel). Such a dip has commonly been 
interpreted as arising from a dense line-of-sight due to interstel- 
lar extinction of small grains. 

4. Summary and conclusions 

The complex and bizarre behavior of W90 has been demon- 
strated and documented with decades of multiwavelength mea- 
surements from new and archival data. First, we summarize our 
most certain conclusions as interpreted and derived primarily 
from observations discussed here. Second, we conclude with 
some exploratory insights on the physical conditions of W90 and 
future research directions. 

1. Our recent photometric data in 2007 indicate that W90 is 
at its brightest recorded optical magnitude (12.47 + 0.06). 
Individual data points in 2007 are even brighter than the 197 1 
photometric V levels. We note that from 2004 to 2005, the 
annual average of V changes by -0.06, which is the same 
value from 2005 to 2006, however, from 2006 to 2007, V 
decreases by 0.19. The brightening of W90 is accompanied 
with less dispersion in the V values (AV < 0.20), supporting 
a current spectral type of B7. The aperiodic long-term pho- 
tometric variability shown in Fig. [14] is rather common for 
young objects and has rarely been accurately measured in 
other similar objects, with the exception of the late-type star 
KH 15D in NGC 2264 (Herbst et al. 2002). However, long- 
term photometric variability in KH 15D (short-term variabil- 
ity is due to a well-documented eclipse) has been attributed 
to the precession of its circumstellar disk. 

2. The sustained and well-documented evolution in spectral 
type (from A2/A3 to currently B7; however, it has been clas- 
sified as early as B4) in the last five decades, the slight de- 
crease of the near-infrared K fluxes, IPC in low order Balmer 
lines, and the irregular photometric variability during this pe- 
riod suggest that W90 is surrounded by an optically thick ac- 
cretion disk. This means that this disk is diminishing its over- 
all volume in the line-of-sight, or is becoming less dense, 
or appears tilting its angle. A primary thick disk could sub- 
sequently explain polarization levels, abnormal extinction, 
spectral and photometric variability, the incipient blueing ef- 
fect, and the presence of the emission lines discussed. 

3. The dimension of the surrounding disk is certainly con- 
strained by our detection of a point source at infrared wave- 
lengths no larger than 80 AU in diameter. Following Dent et 
al. (2005), this observation also imposes a stellar age range 
of several million years, which fits the upper end of the clus- 
ter age as determined by Dahm & Simon (2005). Likewise, 
the modeling of the IR excess suggests the existence of two 
dust shells with temperature components of 1,090 K and 310 
K. 

4. The steep UV continuum fluxes (mimicking a star as early as 
B4) and the tentative identification of N V emission (imply- 
ing the existence of plasma temperatures of T~ 2x10^ K) un- 
ambiguously demonstrate the detection of a non-stellar ener- 
getic component, such as the flux arising from a thermally 
inhomogeneous accretion disk. 

5. The obscuring disk or cavity surrounding W90 appears 
opaque to radio emission as reported by Fuente et al. (1998), 
since no mm- or cm-continuum emissions were detected. 
Similarly, speckle observations by Leinert et al. (1997) to 
detect a binary system were reported negative. Nevertheless, 
the detected rising UV continuum finds ways to escape sug- 
gesting that it is either produced in the outer layers of the 



disk or there is a favorable viewing angle into the accretion 
flow. We suggest that the accretion disk alignment is such 
that we are able to probe the strong UV continuum arising 
from collisionally excited material in the disk. 
6. It is likely that W90 is a flared disk system, as suggested 
by Acke & van den Ancker (2006) through the detection of a 
tentative PAH emission at 3.3 jim, which is common in flared 
disk systems. Similarly, Dietrich (2007) detected in W90 
strong PAH emissions at 6.2 and 1 1.2 jum and weaker emis- 
sions at 7.7 and 8.6 /im. He also found a strong 10 /^m silicate 
feature and weak emission bands at 24, 28, 34 yum, probably 
caused by crystalline silicates. Moreover, Acke & van den 
Ancker (2006) reported no detection of the nearby nanodia- 
mond features at 3.43 and 3.53 yum, observational evidence 
determined to be rare among HAeBe stars. Due to the strong 
UV continuum present in W90 and the 2200 A absorption 
bump, one expects a strong PAH emission as predicted by 
Meeus et al. (2001) if we consider that PAH molecules are 
excited by UV stellar radiation. Instead, this result confirms 
the assertion made by Acke & van den Ancker (2004) that 
the existence of a self-shadowed inner rim of the disks pre- 
vents the PAH from being excited by the central star, yielding 
weak or non-existent PAH emissions at 3.3 ;um. 

W90, as a member of the BMS group in NGC 2264 recently 
described by Sung et al. (2008), is perhaps seen in light scat- 
tered through material in the circumstellar disk. The seeming 
long-term clearing of the disk or surroundings of W90, as de- 
tected by the changes in optical, near- infrared photometry and 
spectral types presented in our study, has certainly not been suf- 
ficient to let high and medium energy photons escape, namely X- 
ray and radio emission. But the unambiguous detection of highly 
variable IPC features in many spectral lines, such as the Balmer 
lines, clearly demonstrates the evidence of some infall process, 
which we believe is the manifestation of accretion flows within 
favorable viewing geometry. If this phenomenological picture of 
W90 is correct, we anticipate continuous and incremental spec- 
tral, photometric, and, in general, emission changes in the up- 
coming decades. Of the physical mechanisms and interpretations 
outlined here, such as UXOR-like variability, accretion flows, 
disk precession, etc., we do not favor one over the other, since 
our physical picture of this object is still incomplete. 

The remarkable observational uniqueness of W90 is not 
based on a specific measurement but is the aggregate value of 
comparing and analyzing the large volume of multiwavelength 
evidence across several decades. By using all the data presented 
here plus new observations, we expect to pursue some modeling 
of the complex behavior of W90. However, this is clearly beyond 
the scope of the present study. 
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